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DETAILED ACTION 

The amendment filed on December 26, 2006, has been entered. 
Claims 1-4 and 6-10 are pending and are under consideration. 

Response to Arguments 

Applicant's arguments filed December 26, 2006 have been fully considered but 
they are not persuasive. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-4 and 6-10 remain rejected under 35 U.S.C. 103(a) as being 
unpatentable over Skraly, Madison et al., and BRENDA database. 

Claims 1-4 and 6-10 are drawn to a method of producing PHAs by providing an 
E. co//, which expresses acyl-CoA transferase, acyl-CoA synthetase, (3-ketothiolase, 
acetoacetyl-CoA reductase or PHA synthase, wherein said bacteria is genetically 
engineered to express polynucleotides that encode a diol oxidoreductase or aldehyde 
dehydrogenase, wherein the enzyme expressed by the bacteria convert 1,6- 
hexandediol, 1,5-pentanediol, 1,4-butanediol, 1 ,2-ethanediol or 1,2-propanediol into 6- 
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hydroxyhexanoate, 5-hydroxyvalerate, 4-hydroxybutyrate, 2-hydroxyethanoate or 2- 
hydroxypropionate monomers, respectively, and producing PHAs having a weigh- 
average molecular weight of at least 300,000 Da. 

Skraly (Polyhydroxyalkanoates Produced by Recombinant E. coli, Poster at 
Engineering Foundation Conference: Metabolic Engineering, 1998 - cited previously on 
form PTO-892) discloses a method of producing PHA from 1 ,3-propanediol using 
recombinant E. coli expressing PHA synthase and diol oxidoreductase (pages 8-9), 
wherein said diol is oxidized to its corresponding aldehyde and then converted to its 
corresponding hydroxyalkanoate monomer via an aldehyde dehydrogenase and CoA 
transferase (page 8). E. coli produces aldehyde dehydrogenase naturally (see 
"aldehyde dehydrogenase" - cited previously on form PTO-892). Skraly also discloses 
(1 ) PHA monomers other than 3-hydroxybutyrate that can improve flexibility and reduce 
crystalline of the resulting PHA polymer, such as 5-hydroxyvalerate and 4- 
hydroxybutyrate (page 6) and (2) new inexpensive starting materials for PHA synthesis, 
such as diols, 1,3-propanediol, 1,5-pentanediol, 1,4-butanediol and 1,2-propanediol, 
which are converted into their respective PHA monomers, 3-hydroxybutyrate, 5- 
hyroxyvalerate, 4-hydroxybutyrate and 2-hydroxypropionate (pages 1 , 6 and page 8). 

The difference between the reference of Skraly and the instant invention is that 
the reference of Skraly te^fies does not teach a method of producing PHA from 1 ,6- 
hexanediol, 1,5-pentanediol, 1,4-butanediol, 1 ,2-ethandiol and 1,2-propanediol using an 
E. coli expressing diol oxidoreductase and acyl-CoA transferase, acyl-CoA synthetase, 
(3-ketothiolase, acetoacetyl-CoA reductase or PHA synthase. 
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Madison et al. (Metabolic engineering of poly(3-hydroxyalkanoates): from DNA to 
plastic. Microbiol Mol Biol Rev. 1999 Mar;63(1):21-53 - form PTO-1449) is cited here to 
provide evidence to support the level of skill in the art of recombinant organism 
expressing all genes necessary to produce PHAs. Madison et al. also teaches that the 
molecular mass of PHAs produced varies from 50,000 to 1 ,000,000 Da and bacterially 
produced PHAs have a high molecular mass (page 22). As applicants have stated, 
"one of skill in the art was capable of making and using genetically engineered plants for 
production of PHAs... all the genes necessary to implement the production of PHAs 
from feedstock such as diols have been cloned and are available in genetically 
manipulatable form, any combination of plasmid-borne and integrated genes may be 
used in the production of PHAs in organism such as plants., it is routine in the art to 
incorporate the gene into a plasmid for expression in cells" (Appeal Brief, pages 24-25). 

BRENDA database ("EC 1.1.1.202"- form PTO-892) discloses several diol 
reductases that oxidize diols and that have been cloned and expressed in E. coli, 
including the K. pneumoniae diol oxidoreductase used by Skraly and in the instant 
invention. Further, BRENDA database discloses a 1 ,3-propanediol dehydrogenase 
isolated from C. freundii which oxidizes several diols, 1,3-propanediol, 1,2-propanediol 
and 1,4-butanediol, and its expression in E coli (pages 2-3). This enzyme has been 
cloned and expressed in E coli (pages 10 and 12) as evidenced by Daniel et al. (J 
Bacteriol. 1995 Apr;177(8):2151-6 -form PTO-892). Daniel et al. also teaches that said 
enzyme oxidizes all primary, secondary and tertiary alcohols (Daniel et al. on page 
5152). Even though 1 ,5-pentanediol, 1,6-hexanediol and 1,2-ethanediol are not 
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explicitly listed as one of the substrates, since the enzyme is able to oxidize primary 
alcohols and diols containing two primary alcohols, one having ordinary skill in the art 
would have reasonably expect the enzymes to oxidize 1 ,5-pentanediol, 1 ,6-hexanediol 
and 1,2-ethanediol. Also, one having ordinary skill in the art would have used other diol 
reductases of BRENDA database to oxidize the recited diols. 

Therefore, combining the teachings of the above references, it would have been 
obvious to one having ordinary skill in the art to use the method of Skraly et al. in 
making PHAs by using other diols, such as 1,6-hexandediol, 1,5-pentanediol, 1,4- 
butanediol, 1,2-ethanediol or 1 ,2-propanediol, by converting said diols into their 
respective PHA monomers using a recombinant E. coli that expresses acyl-CoA 
transferase, acyl-CoA synthetase, (3-ketothiolase, acetoacetyl-CoA reductase or PHA 
synthase as taught by Madison et al, and that also expresses a diol oxidoreductase. 
One of ordinary skill in the art would have been motivated to produce PHA from the 
recited diols in order to produce novel PHAs using inexpensive starting materials. One 
of ordinary skill in the art would have had a reasonable expectation of success since 
Skraly teaches a method of producing PHAs from a diol using a diol 
oxidoreductase/aldehyde dehydrogenase, Madison et al. teaches expression of genes 
necessary for PHA synthesis and BRENDA database teaches several diol 
oxidoreductases that have been cloned into E. coli that have a wide range in substrate 
specificity. One having ordinary skill in the art would have had a reasonable 
expectation of success since production of PHAs in recombinant organism, such as E. 
coli, expressing enzymes necessary for PHA production is well known in the art and diol 



Application/Control Number: 09/909,574 Page 6' 

Art Unit: 1652 

oxidoreductases, which have been cloned and expressed in E. coli, having a wide range 
of substrate specificity are well known in the art. 

Therefore, the above references render claims 1-4 and 6-10 prima facie obvious 
to one of ordinary skill in the art. 

In response to the previous Office Action, applicants have traversed the above 
rejection. 

Applicants argue that the claims are not obvious over the cited references 
because Skraly does not disclose a method # that can convert diols into 6- 
hydroxyhexanoate (1,6-hexanediol), 5-hydroxy valerate (1,5-pentanediol), 4- 
hydroxybutyrate (1 ,4-butanediol), 2-hydroxyehtanote (1 ,2-ethanediol) and 2- 
hydroxypropionate (1 ,2-propanediol). Examiner respectfully disagrees. Skraly 
discloses new routes for producing PHAs, such as 1,2-propanediol (converted to 2- 
hydroxypropionate), 1 ,4-butanediol (converted to 4-hydroxybutyrate) and 1,5-butanediol 
(converted to 5-hydroxyvalerate) (pages 1 , 6-7 and 9). Since Skraly discloses new 
monomers/starting materials and routes for PHA synthesis of Skraly, it would have been 
obvious to one having ordinary skill in the art to generate PHAs comprising of 5- 
hydroxyvalerate, 4-hydroxybutyrate or 2-hydroxypropionate from 1,5-pentanediol, 1,4- 
butanediol or 1,2-propanediol, respectively, or convert other structurally similar diols, 
such as 1,6-hexanediol into 6-hydroxyhexanoate and 1,2-ethanediol into 2- 
hydroxyethanoate by using E. coli expressing diol oxidoreductase available in the art. 

Applicants also argue that Madison et al. and Brenda database do not teach 
converting diols into PHA monomers. The rejection is based on the combined 
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teachings of Skraly, Madison and BRENDA. The reference of Madison is used for its 
disclosure of supporting the level of skill in the art of recombinant organism expressing 
all genes necessary to produce PHAs and the reference of Brenda database is used for 
its teaching of many diol oxidoreductases available to one having ordinary skill in the 
art. Skraly et al. provides teachings of converting diols into PHA monomers. 

Applicants also argue use of improper hindsight reasoning. In response to 
applicant's argument that the examiner's conclusion of obviousness is based upon 
improper hindsight reasoning, it must be recognized that any judgment on obviousness 
is in a sense necessarily a reconstruction based upon hindsight reasoning. But so long 
as it takes into account only knowledge which was within the level of ordinary skill at the 
time the claimed invention was made, and does not include knowledge gleaned only 
from the applicant's disclosure, such a reconstruction is proper. See In re McLaughlin, 
443 F.2d 1392, 170 USPQ 209 (CCPA 1971). In the instant case, it should be noted 
that as applicants have stated, "one of skill in the art was capable of making and using 
genetically engineered plants for production of PHAs. .. all the genes necessary to 
implement the production of PHAs from feedstock such as diols have been cloned and 
are available in genetically manipulatable form, any combination of plasmid-borne and 
integrated genes may be used in the production of PHAs in organism such as plants., it 
is routine in the art to incorporate the gene into a plasmid for expression in cells" 
(Appeal Brief, pages 24-25). Madison et al. provides evidence to support the level of 
skill in the art of recombinant organism expressing all genes necessary to produce 
PHAs. Also, since knowledge of making PHA from a diol, 1 ,3-propanediol, using a 
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recombinant E. coli expressing a diol oxidoreductase and genes necessary in PHA 
synthesis was well known, a method of making PHA from other diols was well within the 
level of one having ordinary skill in the art at the time the invention was made. 
Hence the rejection is maintained. 

Conclusion 

None of the claims are allowable 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Yong Pak whose telephone number is 571-272-0935. 
The examiner can normally be reached 6:30 A.M. to 5:00 P.M. Monday through 
Thursday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Ponnathapu Achutamurthy can be reached on 571-272-0928. The fax 
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phone number for the organization where this application or proceeding is assigned is 
571-273-8300. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 571-272- 
1600. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll free). 



Yong D. Pak 

Patent Examiner 1652 
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